Conclusions-Hypotheses have been generated for exposure to detergents, PAHs, and solvents, but they need to be interpreted with caution before replication.
PAHs and solvents were confirmed by the Italian job exposure matrix. Associations remained significant in women, but not in men, after adjustment for educational level.
Conclusions-Hypotheses have been generated for exposure to detergents, PAHs, and solvents, but they need to be interpreted with caution before replication. Relations between occupational exposures and respiratory diseases, mostly investigated in workforce based populations,'-3 may have been underestimated by the healthy worker effect, particularly in cross sectional studies. Community based studies have found an association between exposure to dusts, gases, and chemical fumes and lung function, respiratory symptoms, or asthma. Although the increased risk related to dusts has been found,' -4 the role of dusts, gases, and chemical fumes remains a matter of debate. Specific hazards have been rarely studied4 7 9 " because the number of subjects exposed was too small. In most of the community based studies,4-14 occupational exposures were estimated by self reported information4-'4 and more recently by using job exposure matrices.7 9 " 13 The validity of job exposure matrices is a matter of debate.'51-8 Furthermore, the grading of exposure affects the performances of job exposure matrices.'516 The British matrix developed by Pannett et al 17 was applied in the Zutphen survey,79 to study the relations between specific hazards and chronic non-specific lung disease, but associations with lung function values were not studied.
In the French community based study PAARC (Pollution Atmospherique et Affections Respiratoires Chroniques), no relation was found between self reported occupational exposure to dusts, gases, and chemical fumes and forced expiratory volume in one second (FEV1).6 An association was found for dusts, gases, and chemical fumes and respiratory symptoms in both sexes and for FEV1/FVC (forced vital capacity) in men.6The purpose of the present study was to investigate the relations of occupational exposures assessed by job exposure matrices to lung function in a large population based study. The specific aims were (a) to test whether occupational exposures to dusts, gases, and chemical fumes estimated by three independent job exposure matrices were related to a decrease in FEV, and whether exposureresponse relations may be shown; (b) to investigate known associations and generate hypotheses for specific hazards.
Materials and methods
The detailed protocol of the French Cooperative PAARC survey, performed in 1975, has been published elsewere.'9 About 20 000 adults (9082 men and 11 228 women) aged 25-59 years, residing in seven French cities (Bordeaux, Lille, Lyons, Mantes-laJolie, Marseilles, Rouen, Toulouse), were surveyed at home. The primary aim of the study was to look at a possible effect of air pollution on respiratory diseases.'9 Households headed by manual workers were excluded to reduce the effect of occupational exposure. Therefore, subjects of the PAARC survey were less exposed to occupational hazards than the general population. French job exposure matrices, subjects were considered exposed to dusts, gases, and chemical fumes in general if they were exposed to at least one of the 42 specific dusts, gases, and chemical fumes. The Italian job exposure matrix'8 22 developed for an international case-control study on laryngeal cancer, estimates by job the exposure to 16 known or suspected respiratory carcinogens. Estimation of exposures for both sexes, irrespective of calendar period, were used. For each occupation the highest exposure estimated for a given hazard according to economic activity was retained. Similar to Macaluso et al,'8 three levels of exposure were created: no, low (probability < 1), and high (probability = 1; high exposure). Subjects were considered as exposed to dusts, gases, and chemical fumes in general if they were exposed to at least one of the 16 hazards. Five hazards common to the British and the French job exposure matrix were analysed. As the conclusions were the same for the two asbestos assessments described in the Italian job exposure matrix, results are presented for the first one.
There were 6699 subjects excluded for the following reasons: lack of an answer to the question about exposure (87 subjects), coding mistakes for the French codes (521), occupation with less than 10 subjects (755) The association was classified as very likely if the association was significant for one job exposure matrix and both sexes with a coherent trend for the other job exposure matrix or significant for men (women) in both job exposure matrices with a coherent trend for women (men). The association was classified as unlikely if the association was not significant for both job exposure matrices and both sexes, or if an isolated significant association was found without other coherent results. In the other cases, the association was classified as possible.
STATISTICAL ANALYSIS
Linear regression and analysis of variance were used.26 The analysis has been performed, for the three job exposure matrices, with the high approach, the total approach'5 (low or high v non-exposed) and three class variables. Considering qualitative (or quantitative) three class or dichotomous variables, the results were similar. The tables show analyses for the three class variables and P values for trend.
Results
Twenty three per cent of the men and 19% of the women reported an exposure to dusts, gases, or chemical fumes in their current job. According to the three job exposure matrices 35% of the men were exposed to dusts, gases, and chemical fumes (about 12% with high exposure), but for women the proportion varied from 30% to 60% (7% to 20% with high exposure). The percentages of subjects exposed to solvents and other chemical products were higher according to the British job exposure matrix than according to the French job exposure matrix (table 1). The reverse was found for exposure to dusts. For combustion products, heavy metals, and welding and soldering, the percentages were similar in both the British and French job exposure matrices, although estimated exposure of the subjects was not the same (table 1) . Exposure to each hazard group was closely related between both sexes. Women were more often non-smokers *P < 0-05; **P < 0-01; ***P < 0-001; test for trend. t P = 0-04 for men with no or low exposure v highly exposed men (high approach). FEV, scores adjusted for age, height, city, and smoking. FEV, scores, in men with no exposure to dusts, gases, and chemical fumes according to all three JEMs, was 0-06 (n = 2,032) and for highly exposed men 0-03 (n = 186) respectively. FEVy scores, in women with no exposure to dusts, gases, and chemical fumes according to all three JEMs, was 0-10 (n = 878) and for highly exposed women 0-27 (n = 237).
The most common occupations in each exposure category () 10% of the subjects) were for: According to the British matrix with nonexposed subjects as the control group, the odds ratios (ORs) for highly exposed men were 1-30 (95% confidence interval (95 % CI) 1-06-1-60) for FEV1< 80% and 1-56 (1 -00-2A44) for FEV1 < 60% of predicted value, respectively, and 1 82 (1-50-2-19) and 1-75 (1-21-2-52) for highly exposed women. Intermediate ORs were found for men (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) ( tA single occupation represents more than 70% of exposure groups in the low category (>100 subjects in the category) for formaldehyde and contacts with animals (physicians), epoxy resins and paints draughtsmenn). The same phenomenon also occurs for high exposure to contact with animals (butchers). < 010; *P < 0-05; **P < 001; ** To our knowledge, this study is the first to analyse the relation of lung function to occupational exposures estimated by job exposure matrices. The consistent associations according to three independent job exposure matrices and in sub-populations (men or women, smokers or non-smokers) found between lung function and exposure to dusts, gases, and chemical fumes are in agreement with findings already reported both in community '4 and workforce based studies.' The relation of lung function with self reported exposure to dusts, gases, and chemical fumes was significant'6 '°in four out of six community based studies in which it was analysed. In the PAARC survey, significant relations with lung function were found for exposure to dusts, gases, and chemical fumes assessed by job exposure matrices but not for self reported exposure.6 This is probably explained by the very limited information on self reported exposure (only one question) in the PAARC survey. No interaction between occupational exposures and smoking was found, which confirms results from most other studies.5-11 14 Exposure-response relations found for both sexes by three different job exposure matrices support the hypotheses of a causal role of dusts, gases, and chemical fumes on lung function. Exposure-effect relations of dusts, gases, and chemical fumes with symptoms and impairment of lung function have already been reported in the general population of Tucson4 within exposed subjects and for gases and fumes in a heavily exposed general Chinese population.12 No effect of low exposure was found in the Zutphen7 or the Norwegian" studies, which used job exposure matrices.
The PAARC survey, the primary aim of which was to assess the role of air pollution,'9 excluded by design households of manual workers to avoid heavy occupational exposures. The present results from the PAARC survey provide an opportunity to assess the role of exposure encountered mostly in intermediate occupations, which now concern an increasing proportion of the working force. There are some limitations in the study related to the very small numbers of manual workers.
Results cannot be generalised to the population as a whole. If a relation is found in the moderately exposed PAARC population, it could be expected in a general population with a higher proportion of exposed subjects. In the PAARC survey the clearer relation in women (less affected by the exclusion of manual worker heads of households) than in men supports this hypothesis.
SPECIFIC HAZARDS
Whereas exposure to dusts, gases, and chemical fumes in relation to respiratory diseases was analysed in a few community based studies, specific hazards have not been commonly studied. 4 In the PAARC survey, known relations were found and some new hypotheses suggested.
DUSTS
The significant relation of exposure with lung function found in the PAARC survey for women exposed to mineral dusts according to the French job exposure matrix (with an association of borderline significance for the British job exposure matrix) supports results from workforce" 27 28 and population based studies.'2 The lack of relation among men is likely to be explained by the absence of manual worker men in the PAARC survey. Exposure to asbestos seems to have an effect especially on FEV,/FVC, and to a lesser extent on FEF2517. This is in agreement with the lower lung function found in workers exposed to asbestos in occupational group studies.3 In the general population of Tucson subjects exposed (v non-exposed) to asbestos had higher prevalences of dyspnoea or wheezing but no relation with lung function was reported.4
The significant decrease in FEV, found in the PAARC survey, for women exposed to textile dusts (clothing workers) supports findings in workforce based studies.3 29 Exposure to textile fibres, especially cotton, is associated with byssinosis in textile mill workers and with a decline in FEV1,3 9 but no population based study had analysed the relation of textile dust exposure and respiratory outcomes. Besides subjects working in textile mills, further investigation of the risk factors encountered by clothing workers would be interesting.
Consistent associations of exposure to organic dusts and lung function were found in the PAARC survey. As well as for textile dusts, the association of exposure to grain dusts with respiratory symptoms or with a decrease in lung function has been described in cross sectional3 and longitudinal studies28 conducted in workforce based populations. In population based studies Lebowitz et al found an association between self reported exposure to sawdust and lung function. 4 were, as in the Zutphen study,7 less clear after taking education level into account, and most associations were weakened. Associations remained significant for women with only primary education, which is not surprising because most highly exposed women had a low education level. Therefore, results in women suggest that a poor background is unlikely to explain the associations found. In particular, the association between exposure to detergents (the main hypothesis generated) and FEV, remained significant after adjustment for education level. In men, however, the associations remained only in those with secondary education, but not in those with primary education, which seems initially surprising. In men with only primary education, the difference found between exposed and non-exposed may have been explained by low levels of FEVy in non-exposed men who often reported exposure in a previous job. The lack of relation of exposure with FEVy in men with primary education may reflect some healthy worker effect. It is difficult to evaluate the bias produced by the absence of manual workers among the men (most of them with only primary education) in the PAARC survey. Such design may have left under study an unhealthy selected group of men with primary education, in particular former manual workers in the non-exposed group. An alternative hypothesis may be that education did reflect the role of an unmeasured confounder, such as early childhood infections. The problem of an unmeasured confounder or other hazard is also a concern when a very high proportion of subjects in some exposure categories belong to a single occupation. In such cases, it is difficult to ascribe the difference in lung function (positive or negative) to that exposure. For example, it is difficult to interpret the relation between FEVy and formaldehyde because the exposed people were physicians in men and nurses in women, according to two job exposure matrices (British and French). Longitudinal studies from the time of first hiring are likely to be necessary in the design to delineate the roles of various sociocultural aspects on respiratory diseases, among which education and occupational conditions, although highly correlated, are separate variables.
METHODS
The validity of exposure generated by the job exposure matrices used is a key issue, nevertheless a true validation is difficult.37 In the PAARC survey, there was no control estimate to study the validity of job exposure matrix. Kauppinenn et al concluded that the British job exposure matrix, compared with expert assessment, is an acceptably valid screening tool for specific agents with prevalences of 10% or more."5 This suggests that caution is necessary in the interpretation of our results in the case of low prevalence of exposures. We did not study hazards for which less than 100 subjects (around 2%) were exposed among men or women. Results obtained for PAHs and diesel fumes should be viewed with particular caution as the prevalence of exposure was low. On the contrary a large proportion of subjects were exposed to detergents. Indirect validation of job exposure matrices has been provided by the demonstration of known association of exposures.'738 In the Zutphen cohort, known associations were found for chronic non-specific lung desease,7 but not confirmed for lung cancer.'6 In the PAARC survey, known associations were found for textile dusts and organic dusts, which is an argument in favour of the validity of job exposure matrices. The known association of mineral dusts with low lung function was not confirmed, which may be related to the absence of manual worker men.
In the PAARC survey job exposure matrices were not used in optimal conditions. Exposures were generated by job exposure matrices that took into account only the most recent occupation. Associations may have been underestimated by the healthy worker effect. The misclassification of exposure related to the use of job exposure matrices was worsened here by the translation of codes, but this bias is theoretically not differential.39 Such misclassification reduces the strength of the associations but may not easily explain a significant relation. Subjects were exposed simultaneously to a lot of hazards, so it was difficult to estimate the effect of the hazards individually. It is never possible to eliminate the role of another unmeasured related hazard. Putting many exposures simultaneously in a model is not the optimal method,39 because the various hazards are closely related. Although the French job exposure matrix was developed specially for the PAARC survey, the exposure assessment was hampered by the use of an inadequate job axis: jobs were defined only by occupations from the INSEE code20 used in the PAARC study. Both the British and Italian job exposure matrices were built to assess hazards relevant for cancer. Building a job exposure matrix with adequate hazard axis for the study of respiratory diseases would be useful. Pooling under the same occupational title various workplaces differing in tasks and exposures remains an inherent limitation of job exposure matrices.39
In conclusion, the causal role of occupational exposure to dusts, gases, or chemical fumes on lung function is supported by the results obtained in the large non-industrial population based PAARC survey with three independent job exposure matrices. The validity of the job exposure matrix approach is sustained by the confirmation of already known associations. Furthermore, hypotheses have been generated for the potential deleterious respiratory effect of detergents, PAHs, and solvents. Caution is necessary in the interpretation of these results before replication. The question arose about the precise assessment of specific hazards, such as solvents or PAHs for which associations with FEV, could reflect the role of other respiratory hazards. Thus, job exposure matrices seem to be a useful method to estimate occupational exposure and generate hypotheses in large population surveys, in the absence of specific questionnaires about occupational exposures. Despite the expected limitations of job exposure matrices, the present results encourage further work to improve exposure assessment by job exposure matrix. 
